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... Job 101.5. Food habits of largemouth bass, walleye, and black crappie•
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Study 101. Evaluation of stocked walleye (Stlzostedlon vitreum) in• small, centrarchld·dominated impoundments. 
•
OBJECTIVE: To evaluate the potential for supplementally stocking walleye to augment 
sportfish harvest in centrarehid-dominated impoundments. 
•
DESCRIPTION OF STUDY AREA: Ridge Lake, Coles County, Dlinois, was constructed in 
•
1941 by impounding Dry Run Creek, an intermittent stream flowing through Fox Ridge 
State Park. The original surface area and maximum depth of the lake at overflow level 
•
were 18.0 acres and 24.9 ft, respectively (Bennett 1954). To obtain current and accurate 
morphometric characteristics, Ridge Lake (Fig. 1) was mapped in 1986 using the transit 
and stadia rod method (Welch 1948). Currently, the lake has a surface area of 13.8 acres, 
•
•
a volume of 127 acre-ft, a shoreline length of 0.91 mi, and an average depth of 9.2 ft. The 
maximum depth· is 21.3 ft at the tower spillway. Silt deposition from agricultural runoff 
and erosion of the steep ravine surrounding the lake has substantially reduced the lake's 
surface area.(4.2 acres, 23%) and volume (62.3 acre-ft, 33%) since impoundment. 
•
•
The primary overflow structure at Ridge Lake, a tower spillway, discharges water from the 
lake bottom rather than the lake surface. When the capacity of the tower spillway system 
(2.5 ft3/s) is exceeded, water is discharged over an auxiliary surface spillway. The eleva.;. 
tion of the surface spillway is 1.2 ft above that of the tower spillway. Both spillway 
•
systems are equipped with weirs (constructed ofO.5-in. mesh galvanized wire screen) 
"",.,,:,. designed to retain fish that escape from the lake during discharge events. 
•
• From 1987 through 1989,48 adult and 305 age-o largemouth bass, 193 adult and about 3,000 yearling bluegill, 33 black crappie, 12 channel catfish, and 4 walleye were collected 
•
in the surface spillway weir. Escapement over the tower spillway was limited to 2 large­
mouth bass, 18 bluegill, 26 black crappie, 20 channel catfish, and 6 walleye. These 
escapement losses, representing only a small fraction of the species populations present in 
Ridge Lake, had negligible impact on the sport fIShery or on the survival rates of stocked 
•• walleye and channel catfish. ~~•..• During the spring ofeach year, except 1988,40-15% of the lake's surface area (visual 
estimate~) supported dense stands of curlyleaf pondweed (Potamogeton crispus) and•
•
•
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Fig. 1. Ridge Lake, a 13.8-acre lrilpoundment (1986) lOcated in Fox Ridge State Park, Coles
County,'"inois. Contours are 3.3-ft (1-m) intervals. 
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• 
floating mats of filamentous algae. Copper su,l!ate, applied directly to the algal mats using 
a hand sprayer, successfully eliminated the floating fIlamentous algae. Aquathol-K, a 
chemical herbicide, was applied in the shallower areas of the lake to control curlyleaf 
•
•
•
pondweed. However, herbicide was not applied to the dense stands of pondweed growing 
in deep water because treatment cost was prohibitive. Fortunately, all curlyleafix>ndweed 
.. ,. died naturally by June of each year and throughout the summer and fall only moderate (5­
.,A,.·.,~_" 15% of the surface area) standing crops of macrophytes (pondweeds, Potamogeton spp., 
• 
naiads, Najas spp., and watermilfoil, Myriophyllwn spp.) and multicellular algae (Chara 
and fIlamentous algae) occurred in the lake. Ridge Lake was not treated with chemical 
•
•
herbicides or algicides during 1988 because vegetation occurred in a small percentage of the 
lake surface area (10-15%) and did not appear to be a nuisance to anglers. 
'"...~...........•
 
Job 101.1. Establishing fish populations in Ridge Lake. 
09",_ 
•
OBJECTIVE: To stock into Ridge Lake adequate numbers and sizes of largemouth bass 
r~- (Micropterus salmoides), bluegill (Lepomis macrochirus), and black crappie (Pomoxis 
nigromaculatus) to approximate the size structure and biomass of mature populations. 
No work was scheduled for this job during this segment. 
Job 101.2. Survival of stocked walleye. 
OBJECTIVE: To compare survival rates of various sizes of walleye stocked into an 
impoundment containing an established centrarehid population. 
INTRODUCTION: The potential for supplementally stocked walleye to contribute to the sport 
fishery.of warmwater impoundments depends substantially on survival rates of stocked 
fish. The survival of various sizes of stocked fry and fingerling walleye has been estimated 
frequently (Laarman 1978) but not in small centrarehid-dominated impoundments. The 
management potential of walleye is enhanced in small impoundments by stocking finger­
•
lings at a size that provides the greatest return to the creel per dollar spent on rearing. The 
purpose of this job is to measure the survival of three sizes of walleye fingerlings stocked 
•
• 
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into an impoundment containing an establish~'h;centrarehid population. The success of theII stockings will be evaluated using fall population estimates. and angler catch. 
•
METHODS: Forage-reared walleye fingerlings were obtained from the Jake Wolf State 
;1'\"""" Fish Hatchery, Southern Illinois University, and a commercial dealer. Prior to stocking, 
,.
 walleye were sorted into small, medium, and large size groups, which received left
 •.." . pectoral, right pelvic, and left pelvic finclips, respectively. A subsample from each size 
L group was measured and weighed. 
II.,.  
Stocking mortality of walleye was estimated by holding subsamples of fingerlings in cylin­
drical cages suspended in Ridge Lake. Mortality in these cages was used to estimate losses 
at stocking associated with hauling, handling, and temperature stress. The cages (diameter 
-
= 3.0 ft, height = 4.0 ft) were constructed of 0.25-in. mesh plastic screening and extended 
below the lake surface to a depth of 3 ft After being held overnight, dead fish were 
counted and·live fish were released into the lake. 
II 
RESULTS: Small, medium, and large walleye fingerlings were stocked into Ridge Lake as 
they became available during the summer and fall of each year, 1987-1989. Within size 
groups, the average lengths and densities of stocked fingerlings wex:e similar among years 
(Table 1). Mean lengths for the small, medium, and large size groups were approximately 
2.5,5.5, and 8.5 in., respectively,. and their densities approximated 50, 25, and 10 
fish/acre. 
..
 
Both mark-recapture population estimates and the angler catch (see Job 101.3) indicate that
 
•I 
survival was higher with increased sizes of stocked walleye. In 1988, we estimated first 
year survival of small, medium, and' large fingerlings stocked in 1987 to be 0,6 (95% C.I. 
= 2-16%), and 24% (10-59%), respectively (Fig. 2). Likewise, 1989 estimates offrrst 
year survival for the respective size groups stocked in 1988 were 0, 6 (3-17%), and 17% 
(10-32%). No individuals from the small size groups stocked in any year have been 
recovered in extensive electrofishing, seining, shoreline rotenone, trap net, gill net, or 
angling collections. 
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Table 1. Stocking date, number, density, mean total length (N~50), and stocking mortality •
of three size groups of walleye fingerlings stocked in Ridge Lake, 1987-1989. Water tempera­
tures were recorded at 0.1 m at stocking. 
•
Mean Stocking Water 
Density length±SD mortality temperature 
Date Number (no.lacre) (in.) (%) (oF) 
• 
Small 
Jun 1987 675 49 2.4±0.22 20 88 
Jun 1988 765 55 2.4±0.22 14 87 
Jun 1989 670 49 1.9±0.16 7 82 
"=~. • Medium 
"." .. ,J Oct-Nov 1987 364 26 5.6±0.61 0 59-60 
Nov 1988 337 24 5.7±0.47 2 49 
Nov 1989 385 28 5.2±0.25 0 46 
Large
 
Oct-Dec 1987 120 9 8.2±0.95 2 45-60
 
Nov 1988 145 10 8.5±0.52 1 49
 
Nov 1989 81 6 7.3+0.55 0 46
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Fig. 2. First-year survival of walleye stocked as small, medium, and large fingerlings in 
Ridge Lake,1987 and 1988. Survival was determined from fall 1988 and 1989 mark-recapture 
population estimates; vertical lines represent 95% confidence intervals. 
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Mortality from stocking stress and predation by largemouth bass (see Job 101.5) appear to 
be the principal factors influencing first-year survival of stocked walleye in Ridge Lake. 
Stocking mortality was moderate for small fingerlings (7-20%), but was substantially 
''''''''','' higher for this size group than for the medium and large size groups (~%) in all years 
",.._,)~~ . (Table 1). Thermal stress at stocking may explain much of this difference in stocking 
.. ~. mortality among size groups. When small fingerlings were stocked in June, water•_',~,._t •.',_ temperatures were ~82OP, whereas water temperatures were S6QoF when medium and large 
size groups were stocked during fall. 
For walleye stocked in 1987, the trend of higher survival for increased size of stocked 
fingerlings was apparent through their second year in Ridge Lake. Second-year survival 
estimates for the small, medium, and large size groups were 0, 4 (2-9%), and 8% (3-21 %), 
respectively (Fig. 3). Survival declined substantially for the medium (33% decrease) and 
large (68%) size groups between the first and second year following stocking. Hooking 
'."_.,, mortality of walleye caught and released by anglers was an important factor affecting 
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i" Fig. 3. Second-year survival of walleye stocked as small, 
medium, and large fingerlings in Ridge Lake, 1987. Survival was 
f""w,'
•
I determined from fall 1989 mark-recapture population estimates; 
.... , vertical lines represent 95% confidence intervals. 
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walleye survival after their first year in the l~~ (see Job 101.4). However, a variety of 
other factors which were not quantified, such as losses from disease or starvation, may 
also be important. 
1~I"i,•,,,,~,.,,j(. 
•
RECOMMENDATIONS: Given the low survival of all three size groups of walleye stocked 
in 1987 and 1988, additional stockings in 1990 are required. With these stockings and data 
from 1987-1989, we can further assess how fish condition may influence stocking suc­
•
cess. In addition, future work should continue to emphasize an understanding of the 
mechanisms affecting the survival of stocked walleye such as stocking stress related to 
hauling, handling, or temperature; predation from largemouth bass (see Job 101.5); 
hooking mortality (see Job 101.4); and forage base (see Job 101.9). 
Job 101.3. Angling vulnerability of walleye. 
OBJECTIVE:, To measure exploitation of various size groups of walleye. 
INTRODUCTION: The contribution of walleye to the sport fishery of centrarehid-dominated 
impoundments depends upon survival and growth rates of stocked fish, angling vulner­
ability of survivors, and the nature of ecological interactions between walleye and resident 
centrarehid species. However, the ultimate success of a walleye stocking program is deter­
mined by the contribution walleye make to the creel. The purpose of this job is to measure 
the catch and harvest of the three size groups of walleye stocked into Ridge Lake and to 
relate these creel measurements to walleye population density. Catch and harvest of wall­
eye were monitored with a complete creel census (Job 101.7), and walleye densities were 
determined by mark-recapture population estimates (Job 101.8). 
RESULTS: Anglers caught 71 and 171 walleye in 1988 and 1989, reSPeCtively. Given the 
small population size of walleye in 1988 (N = 52, 95% C.I. = 27-110) and 1989 (N = 71, 
95% C.I. = 49-108) and the low angler effort directed toward this species in both years (s:! 
man-h/acre), walleye were highly vulnerable to angling in Ridge Lake. To estimate theIII 
•
minimum number of walleye present in the lake at the beginning of the fishing season, we 
added the number of known mortalities occurring during a given year (hooking mortality, 
mortality from sampling gears, spillway escapement, and observed natural mortality) to the 
•
•
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fall population estimate for that year. ApPr,QJC.imately 88 and 121 walleye were available to 
anglers in spring of 1988 and 1989, respectively. 
Based on these estimates, anglers caught 81 % of the available walleye in 1988 and 141 % in 
i 989. These values do not account for all sources of mortality occurring over the year. 
However, we were able to substantiate the angling vulnerability estimate in 1989 by mark­
ing walleye after they were caught by anglers and counting the number of recaptured 
walleye with marks. From this mark-recapture technique, we estimated that 33% of the 
walleye caught in 1989 were caught more than once, a similar recapture percentage as that 
determined from the population estimate (41 %). 
Anglers caught a substantially higher number of walleye from the large size group stocked 
in 1987 and 1988 than from the medium size group; no walleye from the small size group 
was caught (Fig. 4). Population estimates indicate similar numbers of medium and large 
walleye were available to anglers in 1988 and 1989. The disproportionately low catch of 
walleye from the medium size group during the fU'St year after stocking (13% of the total 
120 
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Fig. 4. Numbers of walleye stocked as small, medium, 
and large fingerlings in 1987 and 1988 that were caught by 
anglers at Ridge Lake. Values represent combined data from 
1988 and 1989. 
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catch in 1988, 11 % in 1989) suggests that these fish (approximately 6 in. the spring after 
stocking) had not attained a size vulnerable to anglers. In 1989, walleye from the medium 
size group stocked in 1987 were larger (mean length = 10.5 in.) and consequently made up 
""", 
an increasing portion of the total catch (30%). 
.",,,;1,.,<-.•-' 
•
Five legal-sized (~14 in.) walleye were caught in 1989 and three were harvested. All legal 
'¢.··N""· walleye were individuals from the large size group stocked in 1987. 
RECOMMENDATIONS: Population estimates suggest that the number of medium and large 
walleye available to anglers were similar in 1988 and 1989. Given the disproportionate•I''','''',' number of large fish caught, it appears that catch rates of walleye during the first year after "!-.•.,."._-~ 
stocking are related more to the size of fish rather than to the number of fish surviving. 
'.,CC'''', Walleye catch and harvest should be monitored in 1990 to determine if these relationships 
.;;-,."),,, 
among population density, size structure, and angler catch remain consistent in subsequent 
years as walleye from the medium size groups become fully recruited to the fishery. 
~""\"!C-'
""'. 
Job 101.4. Hook-and-Iine mortality of walleye. 
•
•?f!>.' 
(I OBJECTIVE: To determine the mortality rate of sublegal walleye «14 in.) caught and released by anglers. 
.1 
•?"'!:.:./","'" . INTRODUCTION: In a put-grow-and-take fishery, such as the walleye fishery at Ridge 
Lake, minimum length limits are often imposed to increase the number of large fish avail­II. 
able for harvest However, the protection afforded by a restrictive length limit is compro­11II 
II mised when a high percentage of fish die from stresses incurred during the process of being caught and released. The purpose of this job is to estimate the mortality rate of wall­
eye caught and released by anglers, and thereby determine the level of protection provided 
by a 14oin. minimum length limit 
METHODS: All anglers on Ridge Lake were instructed to raise a flag after catching a wall­
eye. Walleye were retrieved immediately from anglers and were placed in a floating creeL 
Hooking mortality was determined by holding fish overnight (12-15 h). After holding, 
9
 
--
•

• fish were measured, weighed, checked for fm~lips, and survivors were released into the 
lake. 
•
•
RESULTS: In 1988 and 1989, 11 and 14% of the sublegal and unwanted walleye caught by 
anglers died in the floating creels. Nearly all fish that died did so within 1 h after being •
caught. The level of mortality at Ridge Lake is consistent with estimates of hooking mor­
tality reported for walleye in two Minnesota ponds (Payer et al. 1989), but is above that 
• 
reported by other authors (Fletcher 1985, Schaefer 1989). Hooking mortality was substan­
tially higher for fish caught with live baits (19%) than for those caught with artificial lures 
(4%) (Fig. 5). Higher angling-induced mortality rates were also reported for walleye 
"'h",\. 
• 
caught with live baits in Minnesota (Payer et al. 1987). 
'.":--'.'".'~.'" .',. 
<",i"i" 
Hooking mortality, when examined as a percentage of walleye stocked, was higher for 
•~.'-"".,--.- ..-,.. 
large (9-11%) than for medium «1%) size groups (Fig. 5). Higher catches and lower 
'S',"" 
stocking densities combined to give the greater losses for the large size groups. As a 
"".""""1'/• percentage of the catch, losses were similar among the medium and large size groups (10 
ii'," 
-~)"-~,"' ~,'
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Fig. 5. Angler-induced mortality of walleye as (A) a percentage of total catch for fish 
caught on live and artificial baits and as (B) a percentage of the number of medium and large 
fingerlings stocked in 1987 and 1988. Values represent combined data from 1988 and 1989. 
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• and 13%, respectively). Although hooking m9Itality does not appear to explain the pat­
terns of survival observed among size groups (see Job 101.2), it does account for a portion 
of the total mortality and can be an important factor affecting survival of stocked walleye.•
RECOMMENDATIONS: Hooking mortality should be monitored again in 1990 to determine 
I 
if the mortality rates of sublegal walleye caught and released by anglers remain consistent 
with those offish released in 1988 and 1989. Increased sample sizes will allow us to 
evaluate the statistical significance of differences in mortality between live and artificial•
baits. In addition, these samples will allow us to better evaluate the role of hooking mor­
tality in determining total mortality for the medium and large size groups.I' 
Job 101.5. Food habits of largemouth bass. walleye and black crappie. 
OBJECTIVE: To measure predation losses of stocked walleye and channel catfish (Ictalurus•I, 
,
 
punctatus) and to determine the magnitude of interspecific competition between largemouth
 
bass and walleye.
 
INTRODUCTION: Supplementally stocked species, such as walleye and channel catfish,
 
often suffer high mortality in impoundments containing established predator populations. 
To determine the importance of predation as a cause of this mortality, the food habits of 
potential predators (largemouth bass, walleye, and black crappie) on the stocked species 
must be examined. In addition, the amount of overlap in food habits of predator species 
can indicate the potential for interspecific competition and thus the compatibility of these 
species in small impoundments. 
.. METHODS: We assessed predation losses of stocked fmgerlings by examining the stomach 
contents of largemouth bass daily for 1-7 days after walleye and channel catfish were 
stocked~ In addition, walleye (from previous stockings) and black crappie food habits 
were examined after each stocking of walleye fingerlings. Largemouth bass were collected 
by anglers and electrofishing, whereas walleye and black crappie were captured by electro­•II fishing and trap netting. The stomach contents of largemouth bass and walleye were 
.•..,' removed with clear acrylic tubes (Van Den Avyle & Roussel 1980); crappie were sacrificed 
""P 
' ,'•.
• 
<~ 
11 
•
•
•

•

for food habits analysis. Food items were ide~p.tied and measured; volumes were deter­
•
mined by water displacement 
Losses of stocked walleye to largemouth bass predation were estimated for each sample 
day by dividing the number of walleye eaten by the number of largemouth bass examined. 
We then multiplied this proportion by the population estimates of largemouth bass. Daily 
-. 
~ estimates were summed to obtain a total estimate of the numbers of stocked fingerlings lost 
to predation (Stein et al. 1981). Only samples with more than 10 bass were included in 
these estimates. Minimum largemouth bass lengths were determined from the maximum 
..

prey:predator length ratio (0.57) found for walleye and largemouth bass in Ridge Lake.
 
.,. 
Additional food habits collections were made from April through November to augmentII.,.	 sample size. Methods similar to those previously described were used in these supple­
mental collections. 
.....,  
RESULTS: 
! 
Predation Losses: Estimated losses of small, medium, and large walleye to largemouth 
bass were higher for the smaller size groups of stocked fingerlings (Table 2). In 1987 
through 1989, 11, 10, and 0% of the small and 12, 7, and 23% of the medium fingerlings, 
respectively, were eaten by largemouth bass. No large walleye were found in the bass 
stomachs examined. It appears that vulnerability to predators was highest immediately after 
stocking because most of the walleye found in largemouth bass stomachs were eaten within 
48 h after stocking. However, there was evidence of a low level of long-term predation by 
largemouth bass in 1989; we found three walleye from the medium size group stocked in 
1988 in bass stomachs (N = 841) examined the following spring. Unfortunately, we were 
not able to quantify the level of long-term predation on walleye. 
As with large walleye, predation on newly stoekedchannel catfish by largemouth bass was 
low in Ridge Lake (Table 3). We found only one channel catfish (8-in. size group) in 
bass stomachs examined during 1986 through 1989 and this fish was eaten within 48 h 
after being stocked. Thus, predation was not a major source of natural mortality of newly 
12
 
--
Table 2. Estimated numbers of stocked walleye fingerlings eaten by largemouth bass in 
Ridge Lake, 1987-1989. The stomach contents"c)'f electrofished and angler-eaught largemouth bass 
were examined for walleye each day for 1-7 days after walleye were stocked. Minimum largemouth 
bass length was determined from the maximum prey:predator length ratio (0.57) found for walleye and 
largemouth bass in Ridge Lake. Ranges for estimated number of walleye eaten and percentage of 
walleye stocked are based on 95% C.1. for population estimates of largemouth bass. 
Stocked Minimum Largemouth bass No. of 
walleye largemouth population largemouth No. of Estimated Percent 
mean TL bass length estimate bass walleye no. of of walleye 
Year (in.) (in.) (95% C.I.) examined eaten walleye eaten stocked 
1987 2.4 4.2 1,261 (903-1,826) 117 1 77 (55-111) 11 (8-16) 
5.6 9.8 545 (327-965) 21 1 42 (25-74) 12 (7-20) 
8.2 14.4 57a 6 0 0 0 
1988 2.4 4.2 1,130 (832-1,575) 256 4 73 (46-88) 10(6-12) 
5.7 10.0 380 (248-608) 104 5 23 (15-36) 7 (4-11) 
8.5 14.8 16 (6-39) 5 0 0 0 
1989 1.9 3.3 925 (688-1,271) 303 0 0 0 
5.2 9.1 712 (501-1,047) 46 2 89 (63-131) 23 (16-34) 
7.3 12.8 74 (44-131) 9 0 0 0 
aEstimate was based on percentage of catch due to an insufficient number of recaptures for a mark­
recapture estimate. 
Table 3. Numbers of stocked channel catfish (CCF)eaten by largemouth bass (LMB) in 
Ridge Lake, 1986-1989. The stomach contents of electrofished and angler-eaught largemouth 
bass were examined for catfish each day for 1-7 days after the catfish were stocked. Minimum 
largemouth bass length was determined from the regression equation: LMB TL (mm) =23.5962 + 
[1.515 x CCF TL (mm)](MestI1983). 
Stocked Minimum 
catfish largemouth Largemouth bass No. of No. of 
mean TL bass length population estimate largemouth bass catfish 
Year (in.) (in.) (95% C.I.) examined eaten 
1986 7.6 12.4 142a 4 0 
...... 10.0 12a 1 0, 16.0 
ifili 1987 7.8 12.7 241 (125-507) 2 1 
9.8 15.7 14b 0 
......', 1988 8.1 13.2 141 (73-298) 46 0 
,
 
•
10.0 16.0 11 b 4 0
 
fI 1989 7.9 13.0 58 (35-106) 31 0 9.8 15.7 16 (6-40) 4 0 
aEstimates were based on the number of largemouth bass stocked in 1986. 
'".,...•. 
bEstimates were based on percentage of catch due ·to an insufficient number of recaptures for a 
mark-recapture estimate. 0· ""',W:·· _~ 
-,
• 
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",., stocked channel catfish; however as with walleye, vulnerability to predators was highest
 
immediately after stocking.
 
,,,,- .
•
•
'...•"'.. 
Predation by largemouth bass on stocked walleye and channel catfish was related to bass 
i>""""Y density and size structure (Tables 2 and 3). In 1987 and 1988, there was a high density of 
i 
',.< ..	 largemouth bass capable of eating small walleye in Ridge Lake (>80 fish/acre) and esti­
...~~_" .. f mated losses to bass predation were high for this size group (N = 73-77 fingerlings). The 
density of bass able to eat walleye from the medium size group was substantially lower in 
both years «40 fish/acre), and correspondingly the estimated number of walleye eaten was 
lower (N = 23-42 fingerlings). Few largemouth bass in any year were large enough to eat 
lI
•' "..~. 
walleye from the large size group (N <6 fish/acre) or channel catfish from the 8- and lO-in. 
•• w .. 
•
•
groups (N <17 and <2 fish/acre, respectively). Consequently, we found no large walleye 
and only one channel catfish in the largemouth bass stomachs examined. 
",... In contrast to 1987 and 1988, we found no walleye from the small size group in the bass 
"",,$. stomachs examined in 1989 and estimated losses of medium fmgerlings were high (N = 89 
fingerlings; 23% of the number stocked). The higher losses of medium walleye in 1989M .• ' , 
•
>v,._,,'., reflects the increased abundance of largemouth bass capable of eating walleye from this size 
group (712 largemouth bass in 1989 compared to 545 and 380 in 1987 and 1988, respec­
tively). However, the lack of predation by largemouth bass on small fmgerlings is not 
easily explained. One possible explanation is that because of their smaller size, the small 
fingerlings stocked in 1989 (mean length = 1.9 in.) were digested more quickly compared.. 
~ 
to the small fmgerlings stocked in earlier years (mean length =2.4 in.) and as a result were"", 
not identified in the bass stomachs. 
"W, .I
Food habits of walleye and black crappie were not examined in 1987 because few indi­
'1"" 
.,N' .	 viduals of either species were large enough to consume fish of the size groups stocked. In 
1988 and 1989, one walleye fingerling (small size group) was eaten by walleye (N = 47) 
from previous stockings. No walleye were eaten by black crappie in either year (N =14). 
Based on these samples and the low population sizes of walleye and black crappie in Ridge 
Lake (Job 101.8), it is not likely that either of these species preyed heavily on stocked 
fingerlings.
•
·.. '.·.·.·'.'. 
""'''-,'' ..I
•
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• Food Habits: Crayfish, bluegill, and insects were the principal taxa eaten by largemouth 
bass in Ridge Lake. In 1987-1989, crayfish and bluegill made up 78, 78, and 73% of the 
• 
food volume, respectively, arid occurred in over 65% of the bass stomachs containing•
food. Insects were found frequently in the stomachs each year (>27%), but made up only 
a small portion of the food volume «10%). Temporal trends in the food habits of large­
•
•
mouth bass were similar in all years. Fish, mostly bluegill, were important in the bass 
diets during all months; however, fish occurred most frequently and constituted the highest 
""", ... percent volume during September and October. Crayfish occurred most frequently during 
~~,... ,~ .. .'..' mid-summer (June and July), but made up a high percentage (>25%) of the food volume in 
\-' all months. Insects were eaten primarily in the spring. 
'.",',''''''0.0'''•
•
As largemouth bass size increased, there was a general decrease in the importance of 
insects and fish in their diets and an increase in the importance of crayfish (Fig. 6 and Table 
'~"l'.""'· 
4). Age-O and -I largemouth bass fed primarily on insects and young-of-the-year bluegill, 
whereas crayfish and bluegill were the principal fOod items of age-II and older fish. For 
age-N and older largemouth bass, bluegill made up an increasing portion of the total 
volume from 1987 through 1989 (10 to 49%, respectively), displacing crayfish (74 to 
27%, respectively) as the most important component of their diet This dietary change may 
reflect population expansion and growth of bluegill after the lake was drained and restocked 
in 1986 and a decrease in the abundance of large crayfish caused by increased predation 
from large bass in the lake. 
In contrast to largemouth bass, walleye fed almost exclusively on fish (Fig. 7). Bluegill, 
the principal species eaten, made up >80% of the volume and occurred in >85% of the 
stomachs containing food. Age-O largemouth bass made up a small portion of the diets 
before August. However, frequency of occurrence of largemouth bass was low (6%) and 
this species was not found in walleye stomachs examined during fall. Young-of-the-year 
bass may have attained a size that was no longer vulnerable to predation by walleye of the 
sizes (most were < 12 in.) present in the lake. 
Insects and small fish, primarily Chaoborus sp. and bluegill, were the principal food items 
eaten by black crappie in 1988 and 1989. These taxa made up 90% of the volume and 
15
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Table 4. Percent frequency of occurrence of food items and sample sizes for 
largemouth bass collected by electrofishingand angling at Ridge Lake. 1987-1989. 
•

•

•	
FqxtierT§ Sample Percentage• Year Insects Crayfish Bluegill Other fish Other size empty 
• 
Age-O 
1987 54 0 46 18 0 11 0 
1988 33 0 22 56 22 13 31 
1989 22 6 83 6 6 20 10 
Age-I
•
•
1987 39 16 39 18 4 143 23 
1988 37 1 76 24 11 155 30 
1989 33 1 66 11 16 208 32 
.,"'".", .. Age-II 
1987 37 32 32 28 10 356 30 
'\ ..,....>,.....,,,,	 1988 31 25 54 14 10 422 32 
1989 34 8 64 7 14 725 43 
•••,.W'...•.... Age-III 
•,",,,"0,, 1987 34 49 24 12 8 362 48 
1988 24 50 28 12 15 453 50
•.........	 1989 33 35 38 8 14 400 60
,.. Age-IV and older 
1987 29 46 46 27 5 93 56 
1988 17 41 30 17 13 142 51
..... 1989 20 36 36 16 16 147 62l1li 
\ 
•i£W£ 
•,,,,.,,,•.P 
.-
-­
-E 
100 
80CD 
::::I 
'0 60 
f1.
..	 --
> 
40 
CD 
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ii ... 
•&'ti? 
?4'*	 0 
Spring Summer	 Fall 
Fig. 7. Percent composition of food items by volume of 
the diet for walleye collected with eleetrofishing gear and trap nets 
at Ridge Lake, 1987-1989. 
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•
OCCUlTed in >95% of the crappie stomachs containing food. A combination of fish and 
insects was found in most of the crappie stomachs examined. 
•
•
RECOMMENDATIONS: Food habits of largemouth bass, walleye, and black crappie should 
be evaluated in 1990 to further assess predation losses of stocked fingerlings. Losses of 
walleye to largemouth bass predation were relatively high (0-26%) suggesting an important
.•............
~ . 
.... "' ....,' . source of post-stocking mortality. Additional stockings will allow us to evaluate the impor­
tance of stocking size in determining predatory mortality. In particular, these estimates will 
allow us to assess differences in losses to predation between the 5.5- and 8.5-in. size 
groups. Understanding the mechanism and magnitude of these losses will allow us to*-.'~
.....
 
evaluate the relative costs and benefits of stocking each of these size groups of walleye inIlIII 
centrarehid impoundments in Dlinois. Furthermore, additional food habits data are needed 
.• to determine the magnitude of interspecific competition between largemouth bass and wall­d~.. 
,,>,,~"' .. 
•
eye. The potential for competition exists in Ridge Lake because bluegill was a principal 
component in the diets of b6th species. However, the increase in percent volume and fre­
"""\,""'" quency of occurrence of bluegill in largemouth bass diets from 1987 through 1989, years 
when walleye were present in the lake, indicates walleye were not impacting largemouth 
bass food habits. Factors, such as decreased availability of food items other than bluegill, 
relative density of largemouth bass and walleye populations (see Job 101.9), and natural 
variation in the abundance of available prey may be affecting our assessment of competition 
between largemouth bass and walleye. Additional years of sampling will allow us to evalu­
ate the relative importance of these factors and to better understand the food habits of large­
mouth bass and w~eye in a centrarchid-dominated system. 
Job 101.6. Growth of walleye. . 
OBJECTIVE: To determine growth rates of walleye in an impoundment where centrarchids 
are the only fish species available as forage. 
INTRODUCTION: Growth is an important factor influencing the management potential of 
walleye in centrarehid-dominated impoundments, because natural mortality is likely to 
increase as the time to reach harvestable size in~s. Although estimates of walleye 
growth in small centrarchid-dominated impoundments are rare, walleye have been shown 
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to readily eat bluegill when they are the predoplinant fish species available as forage 
(Schneider 1975, Beyerle 1978). However, in both of these studies, walleye grew more 
rapidly with minnow forage than with bluegill forage. The purpose of this job is to evalu­
ate the growth rates of three size groups of walleye stocked into Ridge Lake, a centrarchid­
dominated system. 
METHODS: Annual growth of walleye was determined from mean total lengths of fish 
collected in fall (September-November) byelectrofishing, trap netting, gill netting, and 
angling. 
RESULTS: Walleye from the 1987 medium (N = 15) and large (N = 23) size groups grew 
at a similar rate during their first year (1988) in Ridge Lake (Fig. 8). Annual growth incre­
ments for the two size groups were 4.9 and 4.7 in., respectively. Growth rates of both 
size groups declined in 1989; annual increments were 2.4 and 1.0 in. for the medium (N = 
12) and large (N = 9) size groups, respectively. However, due to faster growth of the 
medium size group, mean lengths of both size groups were similar after 2 years in the lake 
(mean lengths = 12.9 and 13.8 in., respectively). In comparison to other lakes and reser­
voirs, growth of walleye stocked in Ridge Lake was moderate (Table 5). 
16 16 
-C
1987 1988 
:::. 
-.5 12 12 
C) 
c 
.!! 
Ci
8 
-0 
8 
.·LargeI-
C Medium 
4 ...L...-.,._---_---r--- 4 ......--r----..,.--­
0 1 2 0 1 
Years post stocking 
Fig. 8. Mean total lengths of walleye stocked into Ridge Lake as medium 
and large fingerlings in 1987 and 1988. 
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Table 5. Comparison of mean total lengths at age (in.) for walleye in Ridge 
Lake and other selected lakes and reservoirs. For Ridge Lake, we used only walleye 
from the medium size group stocked in 1987 because they were all age-O fish at 
stocking; some individuals stocked as large fingerlings were age-I. 
Water body	 Age 0 Agel Age II Age III 
Ridge Lake, IlIiniosa 5.6 10.5 12.9 
Jewet Lake, Michiganb 5.5 11.6 13.3 13.7 
Daggett Lake, Michiganc 12.2 14.4 15.5 
Emerald Lake, MichiganC 10.9 13.9 
Ferguson Reservoir, Ohiod 7.1 9.2 11.5 13.0 
Killdeer Reservoir, Ohiod 6.8 10.4 11.3 13.3 
Caesar Creek Lake, Ohi08 8.2 15.1 18.1 
Pleasant Hill Reservoir, Ohiof 9.4 14.6 18.0 20.4 
Lake Erie, Ohi09 8.1 14.6 17.4 19.4 
McConaughy Reservoir! Nebraskah 7.3 13.9 18.3 20.6 
Oneida Lake, New Yorkl 6.2 9.3 11.8 13.7 
Little Grassy Lake, lIIinoisi 10.2 15.6 19.4 
Stockton Lake, Missourik 12.2 17.8 19.1 23.6 
apresent study; bSchneider (1983); CBeyerle (1978); dpaxton &Stevenson 
(1978); 8Hurley &Austin (1987); fJohnson et al. (1988); 9Van Vooren &Davies 
(1974); hMcCarraher et al. (1971); iForney (1965); iHeidinger &Tetzlaff (1985); 
kGoddard & Redmond (1978). 
In contrast to walleye stocked in 1987, mean lengths of medium (N =22) and large (N = 
33) size groups stocked in 1988 were similar after their fll'St year in the lake; mean lengths 
in 1989 were 10.0 and 10.6 in., respectively (Fig. 8). This convergence of lengths 
resulted from slow growth of mdividuals from the large size group (annual increment = 2.1 
.I. in.). In contrast, the medium size group grew at a rate (annual increment = 4.3 in.) similar 
to that of walleye stocked in 1987.!:;.. ....
Growth of small walleye stocked in 1987, 1988, and 1989 could not be evaluated because ..~p	 
no individuals from this size group were recovered following stocking. In addition, medi­
um and iarge size groups stocked during 1989 were stocked in late fall. Annual growth 
increments for these fish will be assessed in subsequent years. 
RECOMMENDATION: Walleye growth rates should continue to be evaluated in 1990. 
Growth rates for age-I and -IT fish in Ridge Lake were moderate compared to walleye 
20
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growth in other systems. However, declining growth in 1989 suggests bluegill may not be 
adequate forage for older, larger walleye. With additional data, we will be able to assess 
growth of large walleye in a centrarchid-dominated impoundment and the suitability of 
""w 
bluegill as their primary forage. In addition, we will be able to compare growth rates 
•,.,<,-.,.-.,,,­ between the two largest size groups of walleye stocked in 1989. 
.-	 Job 101.7. Creel survey at Ridge Lake.i~ 
~ ~';'"'' ,­• OBJECTIVE: To measure total fishing effort as well as numbers, weights, and lengths of 
all species caught and harvested by anglers.I.,.,.,.", 
co.'>,...." ..... .',.· 
INTRODUCTION: Increased harvest rates and greater diversity in the creel are major goals of 
' sport-fish management. A management tool often employed to attain these goals is the 
introduction of additional game-fish species (e.g., walleye, muskellunge) into an existing
•
•
sport fishery. The success of these introductions ultimately rests on the contribution of the 
.•	
stocked species to the creel and their impact on the catch and harvest of other sport fish. In 
.. 
.." ... 
this job, a complete creel census is used to evaluate the impact of walleye on the catch and 
~"'".)"i"'. harvest of fish in Ridge Lake. In contrast to traditional creel surveys, all fish caught were 
'	 ... measured. and weighed (usually only harvested fish are creeled) to evaluate the cateh-and­
"";~i_J" release potential of the fishery. 
.,~ 
•..._.'l",,",A 
•II
METHODS: All fishing at Ridge Lake was by pennit and was open from late April to early 
October, 1987-1989. Fishing was pennitted daily (except Mondays and Tuesdays) from 6­
10 am and 3-8 pm. All fishermen were required to pass through a single entry point to gain
"c'l ,,~ 
access to the lake and only boat fishing was allowed. Eight rowboats, with a capacity of 
three persons each, ·were provided free of charge to the angling public. No restrictions 
">~~	 
were placed on the type of bait used. Prior to fishing, anglers were informed of regulations 
and each party was questioned as to their species preference for that day. All fish caughtII were held in live wells in the boats and, except for walleye, a creel clerk retrieved fish at 1­
2 h intervals. Walleye were retrieved as soon as possible after they were caught Fish 
were transported to a lake-side laboratory where they were measured. or counted, and 
weighed. A minimum length limit of 14 in. was enforced for largemouth bass and walleye. 
With the exception of channel catfish and walleye, all sublegal and unwanted legal fish 
21
 
were returned to the lake immediately after m~surement Before being returned to the 
lake, walleye and channel catfish (see Job 101.4) were held overnight in floating cages to 
determine hooking mortality. . 
RESULTS: 
Rshing Effort: Angling effort at Ridge Lake was highest during May, 1987-1989, declining 
steadily throughout the summer and fall. Total effort increased from 290 man-h/acre in 
1987, the first year of our study, to 407 man-h/acre in 1989 (Table 6). Storck & Newman 
Table 6. Angling effort at Ridge Lake, 1987-1989. 
No. of Mean trip 
Year anglers Man-hours Hours/acre length (h) 
1987 1,465 3,997 290 2.7 
1988 1,816 5,119 371 2.8 
1989 1,994 5,617 407 2.8 
(1986) reported a similar low effort (262 man-hlacre) in the first year of the previous Ridge 
Lake study. Fishing pressure increased in subsequent years of their study, peaking at over 
400 man-hlacre in the fourth and fmal year. Angling effort at Ridge Lake in 1988 and 1989 
was comparable to that of other small impoundments in Illinois (Mick 1985) and Kansas 
(Gablehouse 1980). 
In all years, directed effort was highest for largemouth bass and lowest for walleye (Table 
7). The low effort for walleye (<2%) was likely due to anglers knowledge that most of 
these fish had not yet attained legal size. Nearly all walleye caught were sublegal and most 
were caught incidentally by anglers fishing for largemouth bass and crappie. Combined, 
channel catfish, bluegill, and black crappie accounted for only about 25% of the total effort 
in each year. However, a large percentage of fishermen (18-40%) expressed no preference 
in species sought. 
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Table 7. Distribution of angling effort (%) 
among species at Ridge Lake, 1987-1989. 
Taxa 1987 1988 1989 
Largemouth bass 
Bluegill 
Black crappie 
Channel catfish 
Walleye 
No preference 
52 57 33 
10 8 7 
1 8 4 
12 8 14 
1 2 
25 18 40 
Angler Catch: Largemouth bass and bluegill were the two most abundant species caught at 
Ridge Lake in 1987, 1988, and 1989 (Table 8). These two species combined made up >85 
and 70% of the total number and weight, respectively, of fish creeled each year. The large­
mouth bass catch declined by 23% from 1987 to 1989, whereas the catch of bluegill more 
than tripled over the same time period. The increase in bluegill catch reflects growth and 
increased recruitment of the first bluegill year class (1986) spawned in the lake. This year 
class made up 40, 74, and 93% of the bluegill catch in 1987 through 1989, respectively. 
The remainder of bluegill caught in each year, as well as the majority of the largemouth 
bass caught in 1987 and 1988, were fish stocked in 1986. As with bluegill, most large­
mouth bass caught in 1989 were individuals from the dominant first year class spawned in 
the lake. 
Channel catfish were also an important component of the angler catch. Moderate numbers 
were creeled each year (27-64 fish/acre) and on average, channel catfish were the largest 
species caught in the lake (mean weight = 0.7-1.0 lb). The high catch of channel catfish in 
1989 reflects the increased abundance ofcatfish from the combined 1986-1988 stockings. 
Fish from these stockings made up 14,38, and 38% of the 1989 catch, respectively. The 
low catch of newly stocked catfish in all years «13% of the catch; <12% of the number 
stocked). indicates that 8- and 100in. catfish were generally not vulnerable to anglers the 
year that they were stocked. 
With the exception of walleye, the catch of black crappie (6-31 fish/acre) was lower than 
that of all other species. This low catch reflects the moderate densities of catchable-size 
crappie in the lake (50-65 fish/acre) and the short duration that this species was susceptible 
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Table 8. Total angler catch of largefTlOuth bass, bluegill, black crappie, 
channel catfish, and walleye at Ridge Lake, 1987-1989. Catch rates are based on 
angling effort (man-hours) directed at all species. 
Mean 
Weight OOJ Catch rate weight 
Year Number (Ib) no.lacre Ib/acre no.lhour Ib/hour (Ib) 
Largemouth bass 
1987 2,488 1,587 180 115 0.62 0.40 0.64 
1988 2,379 1,761 172 128 1.46 0.34 0.74 
1989 1,919 1,192 139 86 0.34 0.21 0.62 
Bluegill 
1987 1,652 322 120 23 0.41 0.08 0.19 
1988 3,371 543 244 39 0.66 0.11 0.16 
1989 5,418 1,146 393 83 0.96 0.20 0.21 
Black crappie 
1987 85 26 6 2 0.02 0.01 0.31 
1988 432 178 31 13 0.08 0.03 0.41 
1989 231 77 17 6 0.04 0.01 0.33 
Channel catfish 
1987 484 335 35 24 0.12 0.08 0.70 
1988 376 327 27 24 0.07 0.06 0.87 
i 1989 887 891 64 65 0.16 0.16 1.00• 
_·K""'" 
Walleye 
1988 71 24 5 2 0.01 <0.01 0.34 
1989 171 57 12 4 0.03 0.01 0.33 
-.
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I 
to angling. Most crappie (>80%) were caught during the first 4 weeks after the lake was 
open to fishing in the spring. The catch declined precipitously after spawning took place 
and a fall fishery, typical in many lakes, never developed at Ridge Lake. Much of the fall 
crappie fishing was precluded by the lake being closed to fishing in early October of each 
year. 
The catch of walleye was small in comparison with the other species, but increased from 
71 fish in 1988 to 171 fish in 1989. In both years, the catch reflects low walleye density in 
the lake, due to low survival rates offish stocked in 1987 and 1988 (Job 101.2). How­
ever, the increase between years indicates a positive response in the creel to additional wall­
eye stockings; 61% of the walleye caught in 1989 were fish stocked in 1988. The catch of 
walleye should improve in future years with additional walleye stockings and increased size 
of existing fish. 
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• Angler Harvest: Bluegill and channel catfish were the most abundant species harvested in 
1987-1989. However, channel catfish (mean weight = 0.77-1.181b) were larger than 
bluegill (0.19-0.28 lb), and as' a result, the total weight of catfish harvested exceeded that 
•
of all other species in all years (Table 9). As with the catch data, bluegill harvest in 1988 
(65%) and 1989 (91 %) was dominated by individuals from the 1986 year class. The blue­
gill harvest in 1987 (97%) was made up almost exclusively of fish stocked into the lake in 
1986. 
Table 9. Total angler harvest of largemouth bass, bluegill, black crappie, 
channel catfish, and walleye at Ridge Lake, 1987-1989. Harvest rates are based on 
angling effort (man-hOUrs) directed at all species. 
Mean 
Weight Haryest Harvest rate weight 
Year Number (Ib) no.lacre Ib/acre no.lhour Ib/hour (Ib) 
•I 
Largemouth bass 
1987 52 87 4 6 0.01 0.02 1.68 
1988 92 148 7 11 0.02 0.03 1.60 
1989 53 81 4 6 0.01 0.01 1.53 
Bluegill 
1987 665 186 48 14 0.17 0.05 0.28 
1988 937 177 68 13 0.18 0.04 0.19 
1989 2,112 487 153 35 0.38 0.09 0.23 
Black crappie 
1987 54 16 4 1 0.01 <0.01 0.30 
1988 353 148 26 11 0.07 0.03 0.42 
1989 123 42 9 3 0.02 0.01 0.34 
Channel catfish 
1987 338 260 24 19 0.08 0.06 0.77 
1988 258 258 19 19 0.05 0.05 1.00 
1989 604 714 44 52 0.11 0.13 1.18 
Walleye 
1989 3 4 <1 <1 <0.01 <0.01 1.33 
.. 
The black crappie harvest was low in all years (4-26 fish/acre). By using fish fin clipped in 
fall 1987, we were able to assess the exploitation rate of crappie in 1988. We estimated 
•
that anglers harvested 70% of the available black crappie population (length >7.5 in.). This 
high exploitation rate suggests that crappie can be extremely vulnerable to angling in small 
•

•
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impoundments. In addition, this high rate of e~ploitation occurred with low angling effort
 
directed at crappie (30 man-h/acre).
 
With the exception of walleye, fewer largemouth bass were harvested than any other
 
species. This low harvest reflects the relatively low abundance of legal-sized largemouth
 
bass in the lake and the prevalence of voluntary catch-and-release fishing. Anglers volun­

tarily released 48,55, and 44% of the legal-sized largemouth bass caught in 1987 through·
 
1989, respectively.
 
Five legal-sized (~14 in.) walleye were caught in 1989 and three were harvested. These
 
were the first walleye harvested from the lake and all were individuals from the large size
 
•
 
group stocked in 1987.
 
RECOMMENDATIONS: Catch and harvest of all species in Ridge Lake should be monitored
 
in 1990. In 1988 and 1989, most walleye caught·were individuals from the large size
 
group. However, few (N = 3) walleye have been harvested by anglers because most fish
 
stocked have not attained legal size. With additional data, we can continue to assess which
 
of the three size groups (2.5-, 5.5-, and 8.5-in.) of stocked walleye contribute most to
 
angler catch and harvest. In addition, catch and harvest data for other species in the lake
 
will allow us to, at least partially, evaluate the impact of walleye stockings on the centrar­

chid community. Our evaluation will be limited to changes in the community, such as
 
stunting and poor or absent year-class recruitment, that can be detected in the creel.
 
Job 101.8. Fish population estimates. 
• 
OBJECTIVE: To determine popula~on size of largemouth bass, walleye, black crappie, and 
channel catfish in Ridge Lake. 
.. INTRODUCTION: Estimates of population size of walleye, largemouth bass, black crappie, 
and channel catfish are needed in Ridge Lake (1) to assess the potential predation pressure 
on stocked fingerlings of walleye and channel catfish (Job 101.5), (2) to compare size­
specific survival of stocked walleye and channel catfish (Jobs 101.2 and 102.1), (3) to 
estimate angling exploitation of stocked walleye (Job 101.3), and (4) to calculate capture 
•
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• efficiencies of various gears used to collect cl!annel catfish (Job 102.2). Population esti­
mates were made in fall using a single-census, mark-recapture method.•
METHODS: Various combinations of gears were used to collect fish for population esti­
mates. Largemouth bass were sampled by electrofishing (AC) along the shoreline during 
the day and night. Channel catfish were captured with gill nets, trot lines, catfish traps, 
h'""".-,,..;i,' 
•
 
and electrofishing gear. Walleye and black crappie were collected ~th trap nets, gill nets,
 
and byelectrofishing. The trap nets used to collect walleye and black crappie were 6-ft x 3­

ft rectangular frame nets with O.5-in. bar mesh netting and a single 50-ft lead. For a
 
description of the other gears see Job 102.2. All fish collected in the marking census were 
given an upper caudal fin clip. 
The Chapman modification of the Petersen formula (Ricker 1975) was used to estimate 
population size (N): 
N == (M+1)(C+1)/(R+1) 
where M=number of fish marked, C =number of fish in the recapture sample, and R= 
number of marked fish in the recapture sample. The 95% confidence intervals (C.I.) for N 
were obtained by treating Ras a Poisson variable, obtaining limits for R (Ricker 1975), and 
substituting these limits in the above equation. Statistical bias in Petersen estimates occur 
when R< 3 (Ricker 1975); therefore, population estimates were computed only for species 
or size groups having three or more recaptures. 
RESULTS: We estimated that a strong population of ag~-I and older largemouth bass (N = 
925-1,261; density = 67-91 fish/acre) was present in Ridge Lake in 1987-1989 (Table 10). 
In 1987, the population was made up primarily of individuals stocked in 1986; the lake was 
drained and refIlled in fall 1985. However, bas~ on age-frequency distributions, strong 
year classes developed in 1986 and 1987 and they made up the majority of the population 
in 1988 and 1989. These year classes exhibited high survival and fast growth, possibly 
because competition for food and space was low in the newly stocked lake. Lower sur­
vival of the 1988 year class of largemouth bass (age-I in 1989), combined with declining 
number of fish stocked as adults in 1986, was the likely cause of a decline in the population 
from 1988 to 1989. 
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In addition to these estimates, population estimates were computed for size groups of large­•
'4.."•... 
mouth bass that were capable of eating stocked walleye and channel catfish fingerlings (see
• 
"..'"'.~. .. 
Job 101.2) (Tables 2 and 3). 
Table 1O. Estimated population sizes of age-I and older largemouth bass, black 
crappie, channel catfish, and walleye in Ridge Lake, fall 1987-1989. The Chapman modifi­
cation of the Petersen formula (Ricker 1975) was used to estimate population size; 95% confi­
dence intervals are in parentheses. Missing values represent years in which the number of 
recaptures (R < 3) was insufficient to calculate population estimates. 
Channel catfish 
Year Largemouth bass Black crappie Age-Ia Age-II and older Walleye 
1987 1,261 (903-1,826) 800 (326-2,000) 714 104 (37-208)
 
1988 1,130 (832-1,575) 733 398 (206-837) 52 (27-110)
 
1989 925 (688-1,271) 940 (384-2,351) 725 71 (49-108)
 
apopulation size of newly stocked age-I channel catfish was assumed equal to the number of fish
 
stocked minus harvest losses.
 
• Small numbers of recaptures (R < 3) precluded the calculation of mark-recapture population 
estimates for individual size groups of channel catfish. However, by combining size 
groups, the number of recaptures was sufficient to calculate population estimates for age-II 
and older catfish in 1987 and 1988, but not in 1989. The low catch of catfish in fall 1989 
(N =39 catfish; effort =4.4 h of electrofishing, 33 gill net-days, 63 trot line-days, and 154 
catfish trap-days) was, in part, the result of high angler harvest of this species during the 
summer (see Job 101.7). The population size of newly stocked age-I channel catfish was 
assumed equal to the number of fish stocked minus harvest losses. By this method, we 
estimated there were nearly equal numbers of age-I channel catfish in the lake (N = 714­
733) during each fall, 1987-1989. 
Estimates in 1987 and 1989 indicate that age-I and older black crappie were moderately 
abundant (58-68 fish/acre) in the lake. However, samples in both years were comprised 
principally of age-I fish. Predation by crappie on stocked walleye fingerlings was probably 
-.
 
minimal in 1987 and 1989 due to the low density of large individuals. In 1988, insufficient
 
recaptures (R < 3) precluded the calculation of population estimates for black crappie. 
•
However, the extremely low catch rate for black crappie in fall trap net samples (0.9 
...'.','.'...•. ".•.' fish/net-day; effort = 45.5 net-days) indicates that the density oflarge individuals (>7.5 in.) 
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• was low. This low density was, in pan, the result of high angler exploitation (70%) of 
large-sized crappie in spring 1988. 
•
The small walleye population in the lake (N < 6 fish/acre in 1988 and 1989) reflects the 
•
poor survival rates, particularly of small and medium fingerlings, stocked in 1987 and 
1988. The walleye population should increase in future years as additional walleye are 
stocked into the lake. Population estimates were also computed for the individual size 
• 
groups of walleye stocked in each year (see Jobs 101.2 and 101.3). 
RECOMMENDATIONS: We will need to estimate population sizes of largemouth bass, "~ .•. walleye, channel catfish, and black crappie in 1990. These estimates are critical to our•>_:'".,-,-~ 
• 
assessment of walleye survival, susceptibility to predation, and impacts of walleye stocking 
on the remainder of the fish community in Ridge Lake. 
"@k.. Job 101.9. Growth, relative wejght (Wr), and sjze structure of a bluegill 
•
"<,,·,·,.W"· population. 
•....•.•.....'. 
OBJECTIVE: To evaluate the impact of a supplementally stocked predator on a bluegill 
~.- ".•
population.I'G." '-'",,,"-
INTRODUCTION: The success of supplementally stocked predators is judged, in pan, by the 
predator's impact on prey populations. In small impoundments, largemouth bass predation ,.~
is often inadequate to control bluegill abundance. Predation by supplementally stocked 
walleye may reduce bluegill density and thus improve the population growth and size struc­
ture of this prey species. Bluegill growth, relative weight (Wr), and proportional stock 
density (PSD) were monitored in Ridge Lake and will be compared with historical data to 
evaluate the impact of walleye on bluegill populations. 
.. METHODS: Bluegill were collected at night in September by electrofishing (AC) along the 
:"1 
II entire perimeter of the lake. All fish were measured (nearest I-mm) and fish >4 in. were weighed (nearest g). Ages of bluegill>1 in. were determined from otoliths. Small bluegill 
r (<2 in.) were identified as age-O or -I fish by examining daily otolith rings. Daily rings 
were exposed by grinding the otolith to form a thin section in the sagittal plane; the spacing
•
• 
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of daily rings was used to identify the fIrst annulus. A minimum of fIve fIsh were aged 
from each 0.2-in. length interval, or all fIsh were aged if <5 were available. The remaining 
fIsh in the catch were assigned ages in proportion to the age composition of the subsample. 
The size structure of age-O bluegill was estimated from three shoreline rotenone samples 
spaced equally throughout the lake. A 0.5-in. mesh block net (100 ft x 6 ft deep) was 
deployed as described by Timmons et al. (1979) to enclose a rectangular area (0.01-0.03 
acres). The water volume in the enclosure was estimated and enough rotenone (2-3 ppm) 
was applied with a hand sprayer to ensure a complete kill. Recovered fish were counted 
and a subsample was measured. Potassium permanganate was applied to detoxify the 
rotenone prior to removal of the barrier net. 
RESULTS: Individuals from the 1986 year class made up 94, 78, and 54% of the Septem­
ber 1987, 1988, and 1989 electrofIshing samples, respectively. The high relative abun­
dance of this year class indicates that a strong bluegill year class developed the fIrst year 
that Ridge Lake was stocked (1986). These individuals were also abundant in the angler 
catch (Job 101.7). Growth of this year class, based on mean total lengths in the fall, 
declined after their second year in the lake. Mean lengths in 1986, 1987, 1988, and 1989 
were 1.6,4.3,4.9, and 6.1 in., respectively. Slow growth during 1988 and 1989 (annual 
increments = 0.6 and 1.2 in., respectively) probably resulted from increased competition 
for food and space associated with higher fish densities. Likewise, higher population 
density in 1987-1989 appeared to affect growth rates of young-of-the-year bluegill (Fig. 
9). Mean lengths of age-O bluegill in fall rotenone samples were substantially smaller in 
1987, 1988, and 1989 (mean lengths = 1.0 in. each year; N = 2,357, 1,948, and 1,747, 
respectively), when population densities were higher, than in 1986 (mean length = 1.6 in., 
N = 751) when densities were lower. 
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Fig. 9. Size distributions of age-O bluegill collected in fall shoreline rotenone samples 
at Ridge Lake, 1986-1989. . 
Bluegill PSD increased from 6% in 1987 to 13% in 1988. This increase reflects growth of 
age-II fish (in 1988) into the quality-size range because nearly all of the stock-size bluegill 
collected in 1987 and 1988 were individuals from the 1986 year class (Fig. 10). In 1987 
and 1988, PSD values were below the range of 20-40% suggested for bluegill in impound­
ments where fishing for largemouth bass and bluegill is important (Novinger & Legler 
1978). Bluegill relative weight values were also below average (95-105%). Mean relative 
weights for small (4.0-5.9 in., N =54) and large (6.0-8.1 in., N =40) bluegill collected in 
1988 were 87 and 83%, respectively. These low index values, which measured the size 
II structure and condition ofone dominant bluegill year class, are probably typical in new and renovated impoundments where the. first year class of bluegill produced in the lake is num­
! 
erically.dominant. 
Bluegill PSD increased to an acceptable level of31% in 1989, indicating that bluegill popu­
lation size structure may be stabilizing after the initial dominance of the 1986 year class. 
Harvest of larger individuals from this year class by anglers and recruitment of the 1987 
year class (mean length =4.4 in. at age-II, N =26) into the stock size range combined to 
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Fig. 10. Size distributions of age-I and older bluegill collected in night electrofishing 
samples at Ridge Lake, 1987-1989. Stocked fish are bluegill stocked in 1986 when the lake was 
refilled. 
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reduce the relative abundance of the 1986 year class (Fig. 10); age-ill bluegill made up 
54% of the September 1989 electrofishing sample. While bluegill PSD increased in 1989, 
relative condition remained low. Mean relative weights for small (4.0-5.9 in., N =67) and 
large (6.0-8.0 in., N = 60) bluegill were 86 and 80%, respectively. 
In comparison to the high density oflargemouth bass in the lake (density = 67-91 age-I and 
older fish/acre), walleye (density <6 fish/acre) probably had little impact on bluegill abun­
dance and size structure in 1987-1989. However, because bluegill were the principal 
taxon found in the diets of walleye, their impact on the bluegill population is likely to 
increase as walleye size increases and additional fish are stocked. 
RECOMMENDATIONS: Size structure, condition (Wr) and growth of bluegill should be 
evaluated in 1990 to determine the continued impact of past and future walleye stockings on 
the bluegill population in Ridge Lake. 
Job 101.10. Analyzing and reporting. 
OBJECTIVE: To evaluate the potential of walleye to contribute to the sport fishery of small 
impoundments. 
RESULTS: Relevant data for this segment were analyzed and results are presented in indi­
vidual jobs of this report. 
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STUDY 102. Survival of stocked channel catfish and the efficiency 
of some sampling gears available to collect them. 
•
~
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OBJECTIVE: To evaluate the survival of two sizes of channel catfish stocked in an im­
poundment containing an established predator population and measures capture efficiencies 
of various sampling gears. 
Job 102.1. Survival of stocked channel catfish. 
OBJECTIVE: To compare the survival rates of two sizes of channel catfish stocked into an 
impoundment containing an established largemouth bass population. 
INTRODUCTION: Recruitment of channel catfish in small impoundments is often poor to 
nonexistent (Marzolf 1957, Davis 1959). As a result, restocking must occur at intervals to 
sustain an acceptable sport fishery. However, the survival of supplementally stocked fish 
may also be poor when established largemouth bass populations are present (Crance & 
McBay 1966, MestlI983). Mortality of stocked channel catfish can be reduced by stock­
ing larger fish (Krummrich & Heidinger 1973, Powell 1975, MestlI983), but rearing 
costs increase with fish size (American Fisheries Society 1982). Thus, the optimum size 
for stocking channel catfish is the one which provides the highest return to the creel per 
rearing dollar spent 
A previous study at Ridge Lake demonstrated that the greatest return on investment is 
obtained by stocking catfish at least as large as 8 in. TL (Storck & Newman 1988). This 
job is an extension of that study, comparing the survival and harvest of channel catfish 
stocked as 8- and lO-in. fingerlings into a l3.8-acre impoundment containing an estab­
lished largemouth bass population. 
METHODS: Channel catfish were obtained from the Jake Wolf State Fish Hatchery, the 
Little Grassy State Fish Hatchery, or a commercial dealer. Individuals from 8- and lo-in. 
size groups received right and left pelvic fin clips, respectively. The adipose fm was 
removed from all catfish stocked in alternate years (1987 and 1989) to distinguish year 
classes. Prior to stocking, all fish were held overnight (17-24 h) in cages suspended in the 
• 
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lake. After holding, dead fish were counted to·estimate mortality from stocking stress and 
survivors were released into the lake. 
RESULTS: Equal numbers of 8- and to-in. age-I channel catfish were stocked in 1986, 
1987, 1988, and 1989 (Table 11). Within size groups, the average lengths and densities of 
Table 11. Stocking date, number, density, mean total length (N ;;:: 
30), and stocking mortality of two size groups of channel catfish stocked in 
Ridge Lake, 1986-1989. 
Mean Stocking
Size Density length±SD mortality 
group Date Number (no.lacre) (in.) (%) 
8-in.	 Aug 1986 375 27 7.5±0.26 0 
Aug 1987 375 27 7.7±0.46 0 
Jut 1988 375 27 8.1±0.31 0 
Jul 1989 375 27 7.9±0.25 0 
10-in.	 Aug 1986 375 27 10.0±0.22 0 
Sep 1987 374 27 9.8±0.80 0 
Sep 1988 375 27 9.9±0.42 0 
·Ju11989 375 27 9.8+0.28 0 
stocked fingerlings were similar among years. The initial survival of stocked channel cat­
fish following transportation and handling was high in all years. We observed no deaths of 
catfish held in cages and all fish were successfully stocked into the lake. 
Based on angler harvest, the larger size groups of channel catfish stocked in 1986 and 1987 
exhibited higher survival than the smaller size groups. Through the close of the 1989 
fishing season (including 1987 and 1988 harvest), 88 and 71% of the catfish stocked at to 
in. in 1986 and 1987, respectively, were harvested compared with 46 and 56% of the fish 
stocked at 8 in. In contrast, survival of 8-in. channel catfish stocked in 1988 appears to be 
higher than that of 10-in. fish; 31 and 22% of the 8- and to-in. channel catfish, respec­
tively, have been harvested to date. However, additional data are needed to compare sur­
vival for the 1988 fish because their harvest has been relatively low. Survival estimates for 
catfish stocked in 1989 were precluded by the low angler harvest (N = 22) of this cohort. 
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RECOMMENDATIONS: Ridge Lake should be stocked with 8- and lo-in. channel catfish in 
1990 to replicate earlier stockings. In addition, angler harvest of fish stocked iI\ 1988 
should be monitored to evaluate the discrepancy in survival of 8- and lo-in. fish between 
this year and the previous two stockings. With these data, we will be better able to assess 
the relative survival of these two size groups of fish. 
Job 102.2. Efficiency Qf gears used tQ cQllect channel catfish. 
OBJECTiVE: To measure the capture efficiencies of some sampling gears available to col­
lect channel catfish in impoundments. 
INTRODUCTION: Knowledge of gear efficiency is necessary to evaluate the abundance of 
channel catfish stocked in impoundments. However, population size must be known to 
accurately calibrate gear efficiency. At Ridge Lake, the number of channel catfish stocked 
each year is known and survivors from earlier stOCkings were detennined by mark­
recapture methods. 
METHODS: Electrofishing gear (AC), four trot lines, two gill nets, and 10 fish traps were 
used to collect channel catfish in Ridge Lake. Two day and two night shoreline electro­
fishing samples were made in September. Sampling with fixed entrapment gears, deployed 
at various locations throughout the lake, was initiated in late September and continued 
through October. All captured channel catfish were measured, examined for fin clips, and 
returned to the lake. 
Each electrofishing sample consisted of one trip around the perimeter of the lake (56-96 
min). Trot lines (50 ft long, 20 hookslline) were baited (chicken livers or leeches in 1987; 
cut-up dead fish in 1988 and 1989) and fished perpendicular to the shoreline. Experimental 
..
 
monofilament gill nets (150 ft long x 6 ft deep), consisting of six 25-ft panels with meshes
 
of 0.75-, 1.0-, 1.25-, 1.5-, 1.75-, and 2.00-in. bar mesh, were set perpendicular to the 
shoreline in 7-21 ft of water. All gill net sets were bottom sets. Cylindrical fish traps, ~	 fitted with a funnel at one end, were baited with cheese bait and fished in 2-20 ft of water. 
Of the 10 traps used in 1987, two were wooden slat traps (4 ft long, lOin. diameter) and 
eight were constructed ofO.5-in. mesh plastic coated hardware cloth (4 ft long, I-ft •11 
•	 
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diameter). Five wooden and five wire traps were used in 1988 and 1989; traps were 
deployed in pairs with one of each type of trap at a location. Trot lines and fish traps were 
examined for fish and rebaited once each day and at 3-7 day intervals, respectively. Gill 
nets were checked 5 times a day (approximately 0800, 1100, 1400, 1700, and 2100 hours) 
in an attempt to reduce losses of channel catfish and non-target species. 
Capture efficiency for a gear is defined as the percentage of catfish present in the lake that 
are captured in a unit of sampling effort. A unit of sampling effort is defmed for electro­
fishing gear as I-h of sampling, and for the fixed entrapment gears as a 24-h set of a single 
unit of gear. Catfish population estimates are presented in Job 101.8 (Table 10). 
RESULTS: Mean capture efficiencies did not exceed 2.5% for all gears used in 1987; 
1988, and 1989 (Table 12). Although efficiencies were low in all years, gillnetting and 
electrofishing were more effective than other gears for capturing channel catfish. How­
ever, comparisons of different gears based on capture efficiency are difficult due to the 
differing effort required for each gear. For example, one unit of effort for gill nets 
(checked 5 times/day) required substantially more man-h than a unit of effort for catfish 
traps (checked at 3-5 day intervals). Furthermore, while similar numbers of fish were 
Table 12. Mean efficiencies of gears used to collect age-I and older channel catfish at 
Ridge Lake during fall 1986-1989. Channel catfish were stocked as age-I fish each summer from 
1986 through 1989. Gear efficiency =(catch-per-unit-effort (CPUE)/population size) x 100. Effort 
is defined for electrofishing gear as 1-h of sampling, and for fixed entrapment gears as a 24-h set 
of a single unit of gear. 
Electrofishjng Catfish traps 
Year Day Night Gill nets Wooden slat Wire mesh Trot lines 
.. 
Age-I 
1987 0 0.36 0.04 0 <0.01 0 
1988 0.38 0.36 0.10 <0.01 <0.01 0 
1989 0.10 0.51 0.04 <0.01 0 0 
Average 0.16 0.41 0.06 <0.01 <0.01 0 
•
Age-II and olderCl 
1987 1.20 2.49 0.71 0.26 0.02 0.14 
1988 0.70 0.36 0.35 0.06 0 0.08 
Average 0.95 1.42 0.53 0.16 0.01 0.11 
aEfficiency estimates for age-II and older catfish could not be computed in 1989 because insuffi­
cient recaptures precluded the calculation of·a population estimate for these fish. •
•
• 
37 
--
caught in gill nets (N = 57) and wooden slat traps (N = 47) in 1988, gill net efficiency 
values were much higher because fewer gill nets (N = 2) were fished than catfish traps (N 
= 5). Wire mesh traps were not included in this comparison because they were ineffective 
at capturing fish; only eight catfish were collected in 1987-1989 (effort = 571 trap-days). 
Gear efficiency estimates for age-II and older channel catfish decreased from 1987 to 1988 
despite the higher estimated abundance of catfish in 1988 (N =398, N for 1987 =104). In 
contrast, cateh-per-unit-efforts of most gears increased in 1988 and, in accordance with 
changes in abundance of age-IT and older catfish (see Job 101.8), decreased in 1989 (Table 
13). Year-to-year variability in channel catfish population size may not have been accu-
Table 13. Number caught and catch-per-unit-effort (CPUE) of age-I and older channel 
catfish collected'with various gears at Ridge Lake, fall 1987-1989. Channel catfish were stocked 
as age-I fish each summer from 1986 through 1989. Effort is defined for electrofishing gear as 1-h 
of sampling, and for fixed entrapment gears as a 24-h set of a single unit of gear. 
Electrofishjng 
.em t-Jjgbl GjII nets Slat traps Trot lines 
Year No. CPUE No. CPUE No. CPUE No. CPUE No. CPUE 
"",~.' ',,,, 
Age-I 
1987 0 0 7 2.6 12 0.3 0 0 0 0 
1988 7 2.8 6 2.7 19 0.7 5 <0.1 0 0 
1989 2 0.7 6 3.7 9 0.3 1 <0.1 0 0 
Average 9 1.2 19 3.0 40 0.4 6 <0.1 0 0 
Age-II and older 
1987 3 1.2 7 2.6 28 0.7 16 0.3 5 0.1 
1988 7 2.8 3 1.3 38 1.4 42 0.2 23 0.3 
1989 1 0.4 2 1.2 23 0.7 2 <0.1 11 0.2 
Average 11 1.5 12 1.7 89 0.9 60 0.2 39 0.2 
rately reflected in the gear efficiency estimates because the portion of the catfish population 
sampled in a single unit of effort for a given gear was extremely low « 3%). Capture effi­
ciencies of small catfish «12-in., age-I fish stocked the year of the sample) were extremely 
low for all gears tested in 1987-1989 «0.6%). These low values suggest that these gears ~ are not suitable for assessing the abundance of small catfish. 
•
• 
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iThe size·structure of the catfish population may affect gear efficiency estimates because 
most sampling methods are· size selective. In Ridge Lake, length distributions of channel 
catfish captured by each gear 'were different (Kolmogorov-Smimov test, P < 0.05) and 
there was an increase in the size of catfish captured by electrofishing, gill nets, wooden 
traps, and trot lines, respectively (Fig. 11). Size distributions for each gear also differed 
significantly from the distribution of channel catfish caught by anglers in the fall (Kolmo­
gorov-Smimov test, P < 0.05), except for the gill net distribution which was similar 
(Kolmogorov-Smirnov test, P = 0.45). 
RECOMMENDATIONS: We should continue to evaluate the efficiency of gears used to col­
lect channel catfish. Catfish traps and trot lines appear to catch few fish and select highly 
f9r large individuals. Gill netting and electrofishing appear to be more useful methods for 
sampling catfish. The similarity between gill net and angler catch size distributions sug­
gests that, of the gears evaluated, experimental gill nets may be the most appropriate gear 
for assessing channel catfish population size structure in small impoundments. However, 
at this time, we do not know if the length-frequency distribution of catfish caught by 
anglers accurately represents actual population size structure. We will be able to assess this 
relationship when the lake is drained at the completion of the current study in 1992. 
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Fig. 11. Length-frequency distributions of channel catfish sampled with electrofishing 
gear, gill nets, wooden slat traps, trot lines, and the angler catch during September and OCtober at 
Ridge Lake. Values represent combined data from 1987, 1988, and 1989. 
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